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Abstract. Using the Covariant Spectator Theory (CST), we have found One- 
Boson-Exchange (OBE) potentials that fit the 2006 world np data below 350 
£3 ■ MeV with a xV-^data very close to 1, for a total of 3788 data. Our potentials 

£5 ! have significantly fewer adjustable parameters than previous high-precision 

potentials, and they also reproduce the experimental triton binding energy 
without introducing additional irreducible three-nucleon forces. 

> , 

. The OBE mechanism played an important role in the long history of attempts 

\q | to understand the nucleon-nucleon (NN) interaction. It is still the dominant fea- 

C ture in modern realistic potential models which describe the experimental observ- 

es) ■ ables with xV^data ~ 1> such as the Nijmegen [T] and CD-Bonn [2] potentials. 

However, in order to achieve such a good fit, these potentials abandoned a pure 
OBE form and made several boson parameters partial-wave dependent, thereby 
increasing the number of adjustable parameters significantly. For instance, the 
best pure OBE potential of the Nijmegen group reached xV-^data = 1-87 with 
r> | 15 parameters (Nijm93), while the impressive result of xV-^data = 1-03 was 

obtained at the expense of 41 parameters (Nijm I). The Argonne group incorpo- 
rated OBE only in the case of the pion, but also motivated their construction of 
otherwise largely phenomenological realistic potentials like AV18 by the apparent 
failure of the OBE mechanism to allow a perfect fit to the data [3]. 

We found that within the CST it is, in fact, possible to derive realistic OBE 
potentials, and that these require comparatively few parameters. This somewhat 
surprising finding contradicts the earlier conclusion and common belief that the 
OBE mechanism is missing some important feature of the NN interaction. 

In CST, the NN scattering amplitude is obtained from a covariant integral 
equation with a very similar structure to the nonrelativistic Lippmann-Schwinger 
equation, but with a covariant kernel in the place of the potential. A major 
difference, however, is the appearance of negative-energy nucleon states. 

Previous CST models of the kernel, such as the models of [I] and the updated 
versions including off-shell couplings of scalar mesons used in [5], had been ob- 
tained by fitting the potential parameters to the Nijmegen [6J or VPI [7J phase 
shifts. Only in a second step the x 2 to the observables was determined. In con- 
trast, the models presented here were fitted directly to the data. We found this a 
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Table 1. Comparison of precision np models and the 1993 Nijmegen phase shift analysis. Our 
calculations are in bold face. 





models 






xV^data 




Reference 


iVpar 


max year+1 


1993 


2000 


2007 


PWA930 


39 (pp and np) 


1993 


0.99 












1.09 


1.11 


1.12 


Nijm I[l] 


41 


1993 


1.03 






AV18[3] 


40 


1995 


1.06 






CD-Bonn [2] 


43 


2000 




1.02 




WJC-1 


27 


2007 


1.03 


1.05 


1.06 


WJC-2 


15 


2007 


1.09 


1.11 


1.12 



significant improvement, because the best fit to the Nijmegen 1993 phase shifts 
did not yield the best fit to the 2006 data base. 

Our best new model, WJC-1, is based on the exchange of one isoscalar and 
one isovector meson in each of the pairs of pseudoscalar (ry, ir), scalar (o"o, cti), 
vector (u, p), and axial vector (hi, ai) bosons. These exchanges already provide 
the most general spin-isospin structure of an N N kernel, at least when the vector 
mesons have Dirac and Pauli couplings and external nucleons are on-shell. Except 
for the pions, the other boson masses are determined through the fits. The axial 
vector mesons are comparatively heavy, and we decided to treat them as contact 
interactions. Charge symmetry is broken by treating charged and neutral pions 
independently, and by adding a simplified one-photon-exchange interaction. The 
pions couple to nucleons through a mixture of PV and PS coupling. WJC-1 has 
the comparatively low number of 27 adjustable parameters. In order to better 
compare to older OBE potentials, like Nijm93, we constructed model WJC-2, 
which eliminates axial vector mesons and a number of other degrees of freedom, 
with only 15 adjustable parameters remaining. Details about the structure of the 
interaction models and the values of their parameters can be found in Ref. [8]. 

Table 1 shows the x 2 /-^data for our models, in comparison with previous high- 
precision potentials and with the Nijmegen phase shift analysis. It also shows, 
through the cut-off year for data included in the fits, how the x 2 increases with 
the growing database. Note that our result for PWA93 with the 1993 database 
is higher than the one of Ref. [6] because our database includes 3010 data prior 
to 1993 versus 2514 data used in the PWA93 fit. 

The phase shifts of WJC-1 and WJC-2 are displayed in Figure 1, together 
with the Nijmegen phase shifts. While their overall behavior is very similar, in 
some cases differences of more than one degree occur, which may be significant. 

We had already found in calculations with previous CST models that the 
o~NN off-shell coupling strongly influences the triton binding energy [5], and 
that the best fit to the N N data automatically also leads to the correct triton 
binding energy without additional three-body forces. It is remarkable to find this 
to be the case again, for both WJC-1 (E t = -8.48 MeV) and WJC-2 (E t = -8.50 
MeV), which are after all quite different. 

We conclude that the OBE concept, at least in the context of the CST where 
it can be comparatively easily extended to the treatment of electromagnetic 
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Figure 1. Phase shifts of np scattering with models WJC-1 (solid lines), WJC-2 (dashed lines), 
and the Nijmegen PWA of 1993 (dotted lines). 

interactions and systems with A > 2, can be a very effective description of the 
nuclear force. Model WJC-1 provides also a new phase shift analysis, updated 
for all data until 2006, which is useful even if one does not work within the CST. 
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